INTRODUCTION {#sec1-1}
============

Cervical cancer is an important public health problem. Worldwide, as the second most common cancer in women, it comprises approximately 12% of all cancers but is the most common in developing countries.\[[@CIT1]\] The most recent compilation of global data indicates that an estimated 490,000 new cases of cervical cancer occur annually among women worldwide\[[@CIT2]\] and nearly 80% of these are in developing countries, where screening programs are not well established and are poorly organized. Worldwide, cervical cancer is the leading cause of cancer deaths among women and takes the lives of 270,000 women annually, with over 85% of these deaths occurring in developing countries.\[[@CIT3]\] Cervical screening programs, where effectively implemented, have reduced the incidence and mortality of cervical cancer dramatically, e.g., British Columbia, Aberdeen Scotland, Cali Columbia, Nordic European countries, and more recently Chile.\[[@CIT4]\]

The Kingdom of Swaziland is a small, independent, low-resource nation in Southern Africa. It covers an area of 17,364 km^2^ and is landlocked, with Mozambique to its east and South Africa to its north, west, and south.\[[@CIT5]\] The 2007 population and housing census estimated the population of Swaziland to be 1,018,449 with 537,021 females, including 126,616 aged between 30 and 59 years.\[[@CIT6]\] Currently, there are five gynecologists, one oncologist, three cytotechnicians, and one pathologist in Swaziland\'s government health institutions. In 1983, for the first time, cytopathology become available in Swaziland at the Central Public Health Laboratory. This remains the sole Cytopathology Laboratory in the country, receiving cervical smears from all health institutions (government, mission, and private hospitals as well as clinics and health centers). These cervical smears are in symptomatic women, i.e., presenting with vaginal discharge or lower abdominal pain, and only the Family Life Association of Swaziland offers cervical screening on a small scale, covering the two main towns of the country (Mbabane and Manzini). Many of these smears are, inappropriately, in women below 30 years of age.

Therefore, Swaziland falls into the category of countries without a well-established and organized cervical cancer screening program. In Swaziland, cancer of the cervix is the commonest cancer in women and its incidence is increasing. At the end of 1983 (ASIR 28.2),\[[@CIT7]\] it was 16.6 per 100,000 and 33.4 per 100,000 at the end of 1999 (ASIR 59.3),\[[@CIT8]\] recorded in a pathology-based cancer registry\[[@CIT9]\] and a population-based cancer registry.\[[@CIT7][@CIT8]\] This problem is complicated by the HIV/AIDS epidemic, as the prevalence of HIV/AIDS infection in Swazi adults was estimated to be 25.3, 38.2, and 42.4% in 1999, 2001, and 2003, respectively.\[[@CIT10]\] The management of HIV utilizes scarce public health resources, compromising other health interventions such as cervical screening. The incidence and pattern of cervical cancer in Swaziland is characterized by the presentation of precursor lesions at a young age (30--40 years).

The purpose of this study was to assess the current status of cytology in Swaziland and to determine its strengths and limitations. As far as can be determined, there are no other publications on cervical screening in Swaziland.

MATERIALS AND METHODS {#sec1-2}
=====================

The study is based on a retrospective review of conventional cervical smears received, processed, and reported in the Department of Anatomical Pathology at the Central Public Health Laboratory from June 2004 to May 2006. As this laboratory is the only one in the country, these data are representative of the status of cervical smear pathology in the country. Written permission to undertake this study was obtained from all relevant health authorities, in addition to ethics permission being granted.

Screening guidelines {#sec2-1}
--------------------

To improve sensitivity of cervical screening by reducing the number of false negative smears, instructions and procedures as provided by several articles and books\[[@CIT11][@CIT12]\] were scrupulously adhered to. Requisition forms were sent to health facilities with instructions on how to prepare a client, when and how to collect a specimen, and how to submit a specimen for cytology.\[[@CIT11]\] Grossly visible lesions, including irregular, discolored, or friable areas were directly sampled and placed on a separate slide, especially if the lesion was distant from the transformation zone (TZ).

The microscopic examination of cervical smears was performed by registered cytotechnicians. All the findings were recorded and classified according to the 2001 Bethesda System.\[[@CIT13]\] All slides that were negative for intraepithelial lesion/malignancy were reported and signed out by cytotechnicians. Those with epithelial cell abnormalities were referred to the pathologist for final interpretation. Relevant patient information provided on the requisition was included in the demographic and clinical history sections of the final report. This assisted the clinician in correlating cytologic and clinical findings.

Quality assurance {#sec2-2}
-----------------

Quality assurance was performed by cytologic--histologic correlations, follow-up cytologic material and follow-up information on the patient. The full rescreening of a 10% random sample of slides originally reported as negative or a rapid review of 100% reportedly negative smears was attempted as far as possible, but was not always feasible given the severe staff shortages.

All premalignant and malignant cytology reports were correlated with subsequent histopathology reports. Cytohistologic correlations were a helpful educational tool in the diagnosis of both cytology and tissue specimens.\[[@CIT14]\] The correlation was documented in the Laboratory Quality Assurance Program. Where histologic material was not available, the Laboratory attempted to obtain follow-up cytologic material or information on patients. This was regularly achieved by sending a letter to the attending clinician requesting follow-up information. The report also included recommendations to the clinician whether to repeat the cytology after a prescribed time interval or after treatment, or for tissue studies to further evaluate epithelial cell abnormalities. Cytologic results were correlated with histologic findings in order to assess the accuracy of cytology in detecting cervical lesions, histology being considered the gold standard, although not the perfect one. The variation of accuracy tests was estimated according to the low-grade squamous intraepithelial lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL) thresholds and whether glandular cell lesions were included or not.

Data analysis {#sec2-3}
-------------

Data were analyzed using CanReg4 package, a software program provided free of charge by the International Agency for Research on Cancer, based in Lyon, France. It is a variant of EPI.INFO, but specifically designed for cancer registries.\[[@CIT15]\]

RESULTS {#sec1-3}
=======

A total of 12,323 Pap smears were screened between 2004 and 2006. Fifty-five (0.43%) were broken beyond repair and 567 (4.48%) reported to be inadequate because they were obscured by purulent exudates (17%) or blood (21%), without transformation zone cells (42%) or with air-dried artifact (20%) \[[Table 1](#T0001){ref-type="table"}\].

###### 

Number of cervical smears per year

  *Year*              *2004*   *2005*   *2006*   *Total (%)*
  ------------------- -------- -------- -------- ----------------
  Number of cases     3,718    3,923    4,682    12,323 (100)
  Broken slides       23       18       14       55 (0.45)
  Inadequate smears   267      190      110      567 (4.60)
  Adequate smears     3,428    3,715    4,558    11,701 (94.95)

The number of inadequate slides decreased with time (2.2, 1.5, and 0.9% in 2004, 2005, and 2006 respectively). This was the result of adopting the Bethesda System for reporting cervical cytology, as an adequacy statement was included which provided important feedback to clinicians regarding specimen collection and preparation techniques, and contributed to continuous quality improvement. The patient age varied between 18 and 88 years with a peak at 43 years. The age was unknown in 1.18% of cases.

The number of Pap smears reported to be adequate was 11,701, and the distribution by category diagnosis and age group is displayed in [Table 2](#T0002){ref-type="table"}.

###### 

Distribution of adequate epithelial cell abnormalities by age (in years) and category diagnosis (percentages in parentheses)

                  *Unknown age*   *0--19*       *20--29*        *30--39*        *40--49*        *50--59*        *60--69*        *70--79*      *≥80*         *Total (%)*
  --------------- --------------- ------------- --------------- --------------- --------------- --------------- --------------- ------------- ------------- --------------
  NILM            60 (43.5)       378 (99.2)    503 (37.0)      2,261 (65.5)    1,218 (50.8)    879 (53.8)      588 (52.8)      423 (58.7)    278 (55.7)    6,588 (56.3)
  ASC-US          32 (23.2)       3 (0.8)       594 (43.6)      531 (15.4)      364 (15.2)      262 (16.0)      222 (19.9)      161 (22.3)    149 (29.9)    2,318 (19.8)
  ASC-H           22 (15.9)       0 (0.0)       78 (5.7)        257 (7.4)       386 (16.1)      131 (8.0)       81 (7.3)        53 (7.4)      18 (3.6)      1,026 (8.8)
  LSIL            7 (5.1)         0 (0.0)       144 (10.6)      258 (7.5)       246 (10.3)      174 (10.6)      141 (12.7)      45 (6.2)      39 (7.8)      1,054 (9.0)
  HSIL            6 (4.4)         0 (0.0)       23 (1.7)        99 (2.9)        132 (5.5)       161 (9.8)       64 (5.7)        29 (4.0)      13 (2.6)      527 (4.5)
  SC Ca           2 (1.4)         0 (0.0)       0 (0.0)         7 (0.2)         10 (0.4)        16 (1.0)        9 (0.8)         7 (1.0)       2 (0.4)       53 (0.5)
  AGCEndcx        5 (3.6)         0 (0.0)       14 (1.0)        21 (0.6)        24 (1.0)        2 (0.1)         1 (0.1)         0 (0.0)       0 (0.0)       67 (0.6)
  AGCEndm         3 (2.2)         0 (0.0)       6 (0.4)         19 (0.6)        16 (0.7)        2 (0.1)         0 (0.0)         0 (0.0)       0 (0.0)       46 (0.4)
  Endcxadenoca    1 (0.7)         0 (0.0)       0 (0.0)         0 (0.0)         0 (0.0)         4 (0.2)         5 (0.4)         3 (0.4)       0 (0.0)       13 (0.1)
  EndmetadenoCa   0 (0.0)         0 (0.0)       0 (0.0)         0 (0.0)         2 (0.1)         4 (0.2)         3 (0.3)         0 (0.0)       0 (0.0)       9 (0.1)
  Total           138 (100.0)     381 (100.0)   1,362 (100.0)   3,453 (100.0)   2,398 (100.0)   1,635 (100.0)   1,114 (100.0)   721 (100.0)   499 (100.0)   11,701 (100)

NILM = negative for intraepithelial lesion or malignancy; ASC-US = atypical squamous cell of undermined significance; ASC-H = atypical squamous cell, cannot exclude HSIL; LSIL = low-grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; SC Ca = squamous cell carcinoma; AGCEndcx = atypical glandular cells (endocervix); AGCEndmt = atypical glandular cells (endometrium); Endcxadenoca = endocervical adenocarcinoma; EndmetadenoCa = endometrial adenocarcinoma

The greatest numbers of atypical squamous cells of undermined significance (ASC-US) were seen in the age group 20--29 years while LSILs were mostly seen in the 20--29 and over--40 age group. This is an unusual finding in older women as LSIL rates seem to decrease in women over the age of 35 years. The greatest percentage of HSILs was seen in women over the age of 50 years.

From the 11,701 adequate Pap smears, 252 (2.2%) and 303 (2.6%) cases, respectively, at LSIL and HSIL thresholds were correlated with histologic findings in order to evaluate the accuracy of cytology in detecting cervical lesions; histology being considered the gold standard, although not the perfect diagnostic test. Using the LSIL threshold, 114 (45.2%) women were tested positive. The proportion of positive women decreased to 68 (22.4%) when the HSIL threshold was used. The distribution of histopathology findings by LSIL and HSIL thresholds are given in Tables [3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"} respectively.

###### 

Histopathology findings at the LSIL threshold

  *Cytology*   *Normal*   *Mild dysplasia*   *Moderate dysplasia*   *Severe dysplasia/carcinoma-in-situ*   *Invasive squamous Ca*   *Glandular cell abnormalities*   *Total*
  ------------ ---------- ------------------ ---------------------- -------------------------------------- ------------------------ -------------------------------- ---------
  Negative     106        8                  12                     6                                      5                        1                                138
  Positive     52         14                 5                      3                                      7                        33                               114
  Total        158        22                 17                     9                                      12                       34                               252

###### 

Histopathology findings at the HSIL threshold

  *Cytology*   *Normal*   *Mild dysplasia*   *Moderate dysplasia*   *Severe dysplasia/carcinoma-in-situ*   *Invasive squamous Ca*   *Glandular cell abnormalities*   *Total*
  ------------ ---------- ------------------ ---------------------- -------------------------------------- ------------------------ -------------------------------- ---------
  Negative     226        2                  3                      2                                      1                        1                                235
  Positive     2          5                  14                     21                                     12                       14                               68
  Total        228        7                  17                     23                                     13                       15                               303

At the LSIL threshold \[[Table 3](#T0003){ref-type="table"}\], there were 114 cases of histologically proven LSILs or worse (true-positive cases). On further follow-up, cytology missed 23 cases, mainly glandular lesions (5 cases of endocervical carcinoma *in situ*, 4 cases of endocervical adenocarcinoma, 4 cases of endometrial adenomatous hyperplasia, 3 cases of endometrial adenocarcinoma, 4 cases of moderate cervical intraepithelial neoplasia, 2 cases of squamous carcinoma *in situ*, and 1 case of invasive squamous carcinoma). Additional training is required for more accurate cytologic diagnosis of glandular lesions. Fifteen smears initially positive were negated in the follow-up and confirmed as such in histology. They were five cases of reparative changes, three cases of ASC-US, four cases of immature squamous metaplasia, and three of infection (cytomegalovirus and herpes simplex virus).

The accuracy of detecting cervical lesions at the LSIL threshold (excluding glandular cell abnormalities) was 82.8% for sensitivity, 91.3% for specificity, 65.8% for the positive predictive value, and 96.3% for the negative predictive value. When glandular cell abnormalities were taken into consideration, the accuracy of detecting cervical lesions at the LSIL threshold was 64.5% for sensitivity, 83.1% for specificity, 55.5% for the positive predictive value, and 87.7% for the negative predictive value. Most discrepancies between cytology and histology follow-up were, on review, found to be due to sampling errors.

At the HSIL threshold \[[Table 4](#T0004){ref-type="table"}\], there were 68 cases of histologically proven HSILs or worse (true-positive cases). On further follow-up, cytology missed 15 cases, mainly glandular lesions (5 cases of endocervical carcinoma *in situ*, 3 cases of endometrial carcinoma *in situ*, 2 cases of endometrial adenocarcinoma, 3 cases of severe cervical intraepithelial neoplasia, and 2 cases of microinvasive squamous cell carcinoma). Five smears initially positive were negated in the follow-up and confirmed as such in histology. They were two cases of reparative changes, one case of immature squamous metaplasia, one case of cytomegalovirus infection, and one case of fungal infection, probably coccidioidomycosis.

The accuracy of detecting cervical lesions at the HSIL threshold (excluding glandular cell lesions) was 80.7% for sensitivity, 93.8% for specificity, 58.3% for the positive predictive value, and 97.8% for the negative predictive value. When glandular cell abnormalities were taken into consideration, the accuracy of detecting cervical lesions at the HSIL threshold was 43.5% for sensitivity, 90.8% for specificity, 46.5% for the positive predictive value, and 89.8% for the negative predictive value.

The HIV serostatus of women undergoing cervical cytology is currently unknown. This will be the subject of a further study.

DISCUSSION {#sec1-4}
==========

The Cytopathology Service is equipped to screen 4,000 smears annually. It is located at the Central Public Health Laboratory with reliable transport of slides and test results to and from the Laboratory. Most of the cervical smears screened (\>34%) are taken for diagnosis rather than for screening of cervical lesions. A well-established and well-organized cervical cancer prevention program does not exist and is urgently needed since 43.2% of smears screened are abnormal (19.8% ASC-US, 8.8% ASC-H, 9.0% LSILs, 4.6% HSILs, 0.5% squamous carcinoma, 0.6% atypical endocervical cells, and 0.4% atypical endometrial cells). Several reports from other Southern African nations also show high rates of cervical cytologic abnormalities. A study from Zimbabwe noted 59% abnormal smears with 12% LSILs and 3.6% HSILs.\[[@CIT16]\] A cross-sectional study of 22,160 cervical smears in a rural South African population showed a prevalence of LSILs of 8.3%, HSILs of 2.4%, and invasive carcinoma of 1.6%.\[[@CIT17]\] A study from Malawi showed squamous intraepithelial lesions in 15% of HIV-positive women and in 7% HIV-negative women.\[[@CIT18]\] A cervical smear study in HIV-positive women in Zambia detected extremely high rates of cervical abnormalities with 76% squamous intraepithelial lesions, 23.3% LSILs, 32.6% HSILs, and 20% suspicious for squamous carcinoma.\[[@CIT19]\] Correct management of these significant lesions is required to prevent invasive cancer from occurring in a substantial percentage of these women. Primary and secondary preventative programs for cervical cancer are justified and highly recommended.

Prevention of cervical cancer can be primary or secondary. Primary prevention modalities include changes in sexual behavior and human papillomavirus (HPV) vaccination. The former should be encouraged to prevent HIV, HPV, and other sexually transmitted diseases. The HPV serotypes in Swaziland have never been determined. There have been limited HPV studies in other Southern African nations that are probably relevant to Swaziland. The most common HPV type in Southern Africa appears to be HPV 16 that has a prevalence of between 17% and 82% depending on the type of specimen (cervicovaginal lavage, cervical smear, and biopsy) and underlying pathology (negative, preinvasive, or invasive disease). The prevalence of HPV 18 again varies in different Southern African studies from 1.6 to 21%. The prevalence (in parentheses) of other common HPV types in the region include HPV 52 (4--27%), HPV 53 (20%), HPV 58 (2--24%), HPV 51 (15%), HPV 45 (13%), HPV 31 (2--11%), HPV 33 (5--14%), and HPV 35 (2--10%).\[[@CIT20]--[@CIT26]\] In addition, a study by Ng\'andwe in Zambia\[[@CIT21]\] showed a strong association between positive HIV status and the prevalence of high-risk HPV types especially HPV 18. A study by Baay *et al.* in Zimbabwe\[[@CIT23]\] found that certain HPV types (HPV types 11, 39, 43, 51, and 59) occurred more frequently in HIV-positive women suggesting that HIV coinfection may have an impact on HPV genotype distribution.\[[@CIT27]\]

Swaziland, as a Southern African nation, probably has similar rates of HPV infection and subtypes. Thus, it appears as if vaccination against HPV 16 and 18 in Swaziland would prevent many cases of cervical cancer in the future. However, given the high prevalence of HIV in Swaziland, the efficacy of HPV vaccination in HIV-positive women needs to be evaluated. It would be recommended to vaccinate girls before they are exposed to both HIV and HPV.

Secondary prevention of cervical cancer includes visual inspection of the cervix (VIA), cervicoscopy, HPV testing. and cytology.

The results of test accuracy in large cross-sectional, randomized controlled trials in developing countries indicate that the sensitivity of visual inspection of the cervix with acetic acid (VIA) to detect high-grade precancerous lesions ranges from 66 to 96% (median 84%); the specificity varied from 64 to 98% (median 82%); the positive predictive value ranged from 10 to 20% and the negative predictive value from 92 to 97%.\[[@CIT28][@CIT29]\] The major strengths of VIA include the following: its simplicity, can be taught to nurses, nurse-midwives, and other health workers; lower cost than other approaches in routine use; and real-time availability of results. The major limitations of VIA include a low specificity (generally less than 85%) and a low positive predictive value of the test.\[[@CIT27]--[@CIT30]\]

Cervicography or magnified visual inspection with acetic acid (VIAM) involves examination of magnified photographic documentation of the acetic acid-impregnated cervix. The results from cross-sectional studies established that VIAM does not improve the test performance of VIA over and above that of naked-eye visualization. Its sensitivity is lower than that of cytology and VIA to detect high-grade lesions, although the specificity is comparable to that of cytology.\[[@CIT30]\]

HPV testing has a high negative predictive value but low positive predictive value as the vast majority of women will clear an HPV infection spontaneously, especially women below the age of 30 years. Other disadvantages of HPV DNA testing are the cost; the dependence on reagents currently produced by very few commercial manufacturers; the requirement for a sophisticated and expensive laboratory equipment (molecular diagnostic laboratory); and trained personnel. Advantages of HPV DNA testing in developed countries include good inter- and intraobserver correlation; reliable quality assurance; and very high sensitivity. However, HPV DNA test as a primary screening method, at this time, is recommended for use only in pilot projects or other closely monitored settings. It can be used in conjunction with cytological or other screening tests, where sufficient resources exist.\[[@CIT31]--[@CIT34]\]

Cervical cytology is currently the only cervical screening method that is available in Swaziland. When detecting a cervical abnormality at the LSIL threshold (when glandular lesions were excluded), the sensitivity was 82.8%, specificity was 91.3%, positive predictive value was 65.8%, and negative predictive value was 96.3%. When detecting a cervical abnormality when HSIL was the threshold, the sensitivity was 80.7%, specificity was 93.8%, positive predictive value was 58.3%, and negative predictive value was 97.8%. This may improve with the implementation of more stringent internal and external quality assurance modalities.

Concerning the cost-effectiveness, Goldie *et al*.\[[@CIT35][@CIT36]\] studied the lifetime risk of cancer, years of life saved, lifetime costs, and cost-effectiveness ratios (cost per year of life saved) for each screening method in five developing countries having different cultural, geographical, and epidemiological backgrounds (India, Kenya, Peru, South Africa, and Thailand). They concluded that the most cost-effective strategies were those that required the fewest visits, resulting in improved follow-up testing and treatment.

A combination of screening methods may be appropriate to Swaziland, e.g., HPV DNA testing first and then cervical cytology of those patients found to be positive for high-risk HPV subtypes in urban women; while rural women may benefit from a combination of visual inspection and cervical cytology. Additional studies are required in this regard. Other areas for research include potential efficacy of HPV vaccination and cost-effectiveness of liquid-based cytology in Swaziland. Colposcopy and the whole arsenal of ablative (cryotherapy, cold coagulation, electrosurgical cauterization or vaporization with a laser beam, electrofulguration, laser ablation) and excisional (LEEP or LLETZ) surgery used for outpatients do not exist in Swaziland. Therefore, treatment services require significant strengthening, as only punch biopsy and hysterectomy are available.

There is an extremely high prevalence of HIV/AIDS in Swaziland. The prevalence of HIV/AIDS infection in adults was estimated to be 25.3, 38.2, and 42.4% in 1999, 2001, and 2003 respectively.\[[@CIT10]\] Women infected with the HIV virus have a higher prevalence of HPV infection, higher prevalence of persistent infection and infection with multiple high-risk HPV subtypes, higher prevalence of preinvasive cervical disease, increased risk of developing invasive cervical cancer, development of cervical cancer 10 or more years earlier than HIV-negative women, and higher recurrence of preinvasive and invasive cervical lesions after treatment. Thus, it is important that these women undergo some type of cervical cancer prevention program.\[[@CIT37]--[@CIT40]\] Unfortunately, the management of HIV utilizes scarce public health resources, leaving less for other health interventions such as cervical cancer preventive measures. Therefore, any health policy regarding the most efficient ways to reduce the incidence of and mortality from cervical cancer needs to be within the framework of the HIV/AIDS epidemic. It appears from studies in other Southern African countries that the current HPV vaccinations, given before girls are exposed to both HIV and HPV, would significantly reduce the incidence of and mortality from cervical cancer in Swaziland, although this reduction would only be seen in several decades. However, these vaccines at current pricing may be unaffordable to those who need it the most. Thus, safer sex practices and appropriate screening in conjunction with HPV vaccination offer the best means of reducing mortality from cervical cancer, both in the short and long term.
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